In their recent publication, Zhao et al. [J. Appl. Phys. 110, 033523 (2011)] claim to have found a new three-dimensional relationship for niobium-on-sapphire epitaxy. However, two critical errors were made in the analysis of x-ray diffraction measurements. The crystal structure of sapphire (α-Al 2 O 3 ) was erroneously cited as hexagonal close-packed, and crystallographic orientations of sapphire were misidentified. Correcting these errors, one finds their claim unjustified.
Zhao et al. 1 recently reported on the growth of epitaxial niobium (110) films on A-plane sapphire (α-Al 2 O 3 (1120)) by a cathodic arc discharge technique, similar to that first used by Igarashi et al. 2 This deposition method is relatively uncommon for niobium epitaxy, which is typically done by sputtering or e-beam evaporation. Niobium epitaxy on sapphire was first achieved by Schuller over three decades ago, 3 and this metal/ceramic pair has been thoroughly investigated over the intervening years. The extent of this body of research is so great that the topic was reviewed by Wildes et al. in 2001. 4 One feature of the niobium/sapphire system that makes it unique is the three-dimensional relationship between metal and substrate, first discovered by Durbin et al. 5 This relationship is by no means universally observed -under certain growth and annealing conditions other orientational relationships have been found. [11] [12] [13] [14] However, Zhao et al. go one step further, calling into question the validity of this relationship and instead proposing their own three-dimensional registry. My comment begins with a summary of their arguments.
Utilizing x-ray diffraction (XRD) measurements -pole figures and ϕ scans, specifically -Zhao et al. observe crystallographic twins in all but one of their niobium films (see their Fig. 2 ). The one exception is a film deposited at the highest reported growth temperature (400 • C) that also shows the highest residual resistance ratio. To explain the existence of these twins in their poorer quality films, they note that the sixfold symmetry of sapphire about the (0001), or C-, axis and the three-fold symmetry of niobium about the (111) axis (see their (the corundum form of Al 2 O 3 , often denoted by the Greek letter α) has a hexagonal close-packed (hcp) lattice. In fact, α-Al 2 O 3 has a much more complicated structure that has been described in detail by Kronberg 15 and Lee et al. 16 -the oxygen anions occupy an hcp lattice, with aluminum cations filling two thirds of the octahedral interstices. The aluminum vacancies give rise to distortions in both the anion and cation sublattices, and their ordering is what defines the sapphire unit cell. The end result is a hexagonal structural unit cell with three-fold symmetry about the C-axis (see Fig. 1 ), not the six-fold symmetry one finds with a pure hcp crystal structure. This reduced symmetry undermines the argument of Zhao et al. in favor of two equivalent orientations of (110) niobium on A-plane sapphire. In fact, the apparent symmetry of the A-plane surface is broken by the arrangement of aluminum vacancies (see Fig. 2 This work was sponsored by the Department of the Air Force under Contract Number FA8721-05-C-0002. Opinions, interpretations, conclusions, and recommendations are those of the authors, and not necessarily endorsed by the United States Government.
